Neutrophil survival in the death zone
In this issue of Blood, Thompson et al reveal a key role for hypoxia-inducible factor (HIF)-2a in the adaptation of neutrophils to hypoxia. Tissue hypoxia is a common feature of trauma and inflammation. Infiltrating neutrophils must adapt to this low-oxygen environment to satisfy the metabolic and functional demands of an immune response. 1 
M
uch is known about the factors controlling neutrophil production and the recruitment of neutrophils to sites of inflammation. In contrast, the factors controlling the survival and clearance of neutrophils from tissues remain poorly defined. The net accumulation of neutrophils at sites of inflammation will be a function of recruitment and median neutrophil life span. Hypoxia increases neutrophil survival, 2 suggesting that hypoxia may impair the resolution of neutrophilic inflammatory disorders such as acute respiratory distress syndrome, bronchiolitis obliterans organizing pneumonia, and respiratory syncytial virus infection. The oxygen-sensitive HIF/von Hippel-Lindau pathway is fundamental to hypoxia adaptation. The HIF-1a and HIF-2a transcription factors are both induced by hypoxia in neutrophils. 3 However, HIF-1a
and HIF-2a expression are not always coordinately regulated, and they can serve distinct functions in other cell types.
Thompson and colleagues now demonstrate key roles for HIF-2a in extending neutrophil life span in zebra fish, mice, and humans. For 6 Previous studies in macrophages demonstrate that lipopolysaccharide can induce HIF-1a mRNA expression but that hypoxia is a prerequisite for HIF-1a protein accumulation via the inhibition of prolyl hydroxylases. 7 Like HIF-1a, the accumulation of HIF-2a protein at sites of inflammation may therefore be dependent on factors controlling both gene transcription and HIF-2a protein half-life. The key role of HIF-2a in the regulation of macrophage inflammatory cytokine production introduces a possible caveat to this study because the mice used in these studies lacked HIF-2a in neutrophils and macrophages. This was addressed using a fractionated irradiation regimen (3 fractions of 1 Gy/day for 4 days) to ablate bone marrow-derived myeloid cells but not wildtype resident lung macrophages. Following acute lung injury, HIF-2a-deficient neutrophils were recruited to lungs containing wild-type resident macrophages. This recruitment occurred independently of HIF-2a, but the subsequent resolution of neutrophilic inflammation was accelerated in the absence of HIF-2a. Conversely, expression of gain-of-function HIF-2a mutants in zebra fish delayed the clearance of neutrophils from a tail fin wound (see figure) . Moreover, HIF-2a deficiency affects neutrophil life span but not phagocytosis or the respiratory burst, suggesting that the diverse functional roles of HIF-2a in macrophages do not extend to neutrophils. 8 Inflammatory cytokine production by HIF2a-deficient macrophages and neutrophils was also not altered in an acute lung injury model, supporting the conclusion that the alterations in neutrophil life span are cell intrinsic.
This study reports that human HIF-2a gain-of-function mutations increase basal expression of prolyl hydroxylase-3 (PHD3), an enzyme that helps neutrophils adapt to hypoxia. PHD3 is upregulated in peripheral blood neutrophils from patients with rheumatoid arthritis. 9 This study demonstrates that HIF-2a is also strongly upregulated in peripheral blood neutrophils and lung biopsies from patients with rheumatoid arthritis and COPD, respectively, suggesting that HIF-2a regulates PHD3 expression in these human cells. PHD3 regulates Bcl-x L , a prosurvival protein whose expression is responsive to hypoxia. Preventing pregnancy loss In this issue of Blood, 2 articles by The Nîmes Obstetricians and Hematologists-Antiphospholipid Syndrome (NOH-APS) Study Group give us new information about the effects of low-molecular-weight heparin (LMWH) on pregnancy complications in women with prior pregnancy loss and either purely obstetric antiphospholipid syndrome (APS) or inherited thrombophilia. The results better define women at risk, suggest a role for LMWH, and confirm the need for further investigation.
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A PS has been linked to pregnancy complications including fetal loss at all stages of gestation, preeclampsia, eclampsia, placental insufficiency, and premature birth. The inherited thrombophilias, factor V Leiden (FVL) mutation and prothrombin gene (PTG) mutation G20210A, have variable associations with nonthrombotic pregnancy complications; they are believed to play a minimal role in spontaneous abortion or placenta-mediated complications and only a modest role in second-or third-trimester fetal loss.
The NOH-APS study is a large prospective observational study of 6318 women with
